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Europe has a particularly rich, diversified 16 cultural heritage, including buildings, 17 monuments and objects of all sizes and 18 comprising a great variety of materials. It 19 forms the basis of our present and future 20 cultures, and, through the skills, beauty, 21 and engineering genius it manifests, it is a 22 vital source of inspiration and pleasure. Its 23 exploitation, in the form of displayed 24 objects, is a source of revenue through 25 tourism and, at the same time, the basis 26 for a rich diversity of learning. The 27 conservation of the European cultural 28 heritage is for these reasons both a 29 culturally important activity in its own 30 right and an economic necessity. 31 Nevertheless, the physical part of the 32 European cultural heritage is deteriorating 33 faster than it can be conserved, restored or 34 studied. Assets are being lost, or at risk, 35 through natural processes of decay 36 (sometimes accelerated by poor environ-37 mental control), environmental disasters 38 (sometimes exacerbated by human activ-39 ity), the direct effects of enhanced public 40 access (without commensurate conserva-41 tion measures), conservation/preservation procedures the long-term effects of which were and are not understood, and simple negligence.
The research required to alleviate this huge class of problems and at the same time progress the study of the European cultural heritage is interdisciplinary, needing the expertise of people directly involved with the cultural heritage (i.e., art historians, archaeologists, curators, conservators) as well as analytical scientists and other specialists at a basic research level.
Analytical techniques
Advanced analytical methods and techniques are an essential prerequisite in this field, as they provide the means to understand the objects under investigation. By identifying materials and processes, we can reach back through time and develop a deeper understanding of the craftsmanship and the technology used. Advanced analytical methods also allow us to perform authenticity studies or contribute to the development of simple diagnostic techniques necessary for practical applied conservation. The techniques concerned include: electron microscopy (both scanning and transmission); scanning-probe microscopy; ion beam; neutron; mass spectrometry (MS) (including accelerator MS (especially 14C dating)); lasers, X-rays (including synchrotron radiation); electrochemistry; high-performance liquid chromatography
77 (HPLC); gas chromatography (GC), and; microchemistry 78 (imaging) that requires only microscopic samples [1] [2] [3] .
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The analytical methods used in this field of research 80 are identical with those used at the cutting edge of 81 modern materials science. Methods developed for 82 advanced physics and chemistry, semiconductor and 83 aerospace research and development, medicine and 84 environmental research can be applied to ancient and 85 modern materials, as the problems encountered in the 86 areas of advanced technology and cultural heritage are 87 surprisingly similar. However, there is one essential 88 difference -an art object or ancient artefact cannot be 89 replaced, and consuming or damaging even a small part 90 of it for analytical purposes must be undertaken only 91 where there is great need. This leads either to develop-92 ment, use and improvement of truly non-destructive 93 techniques (e.g., ion-beam analysis and optical 94 spectroscopy [4] [5] [6] , which do not require a sample to be 95 removed from the object, and which leave the object in 96 the same state before and after analysis. Where a sample 97 must be removed, one should aim at maximizing infor-98 mation, and minimizing the volume consumed. This 99 brings us to the need for the design of pathways that 100 allow multi-instrument analytical approaches, including 101 sample-preparation schemes that have been thought 102 through (e.g., removal from the object, preparation, and 103 packaging for transport). Clearly-established schemes 104 lead to a better integration of activities and to improve-105 ment in the representivity and the reproducibility of 106 analytical results.
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In non-destructive techniques, portability is a further 108 consideration. It is often undesirable (or even impossible) 109 to move an artefact to a laboratory where large-scale 110 analytical equipment is housed. Alternatively, it may be 111 the environment of an object that requires monitoring in 112 a non-invasive way, so as not to disrupt visitor experi-113 ence (e.g., X-ray fluorescence (XRF) [7, 8] and micro 114 Raman spectroscopy [9, 10] ). 115
Lately, there has also been increasing interest in the 116 development of new or improved sensors (optical, mass 117 and electrochemical) for monitoring various deteriora-118 tion processes. The use of these sensors is beneficial in 119 preventive conservation issues. An example of a repre-120 sentative topic is risk assessment in museums [11] .
3. European cultural area
122 The ''European Cultural Area'' concept is also important 123 because it creates a framework for all activities associ-124 ated with cultural heritage and it highlights at the same 125 time the multi-faceted character and variety of European 126 cultural heritage. No doubt we should appreciate the few 127 national programmes available, but they serve only local 128 needs, thus leading to loss of strategic output, risk of 129 duplication, reduction in the international competitiveness of the research. A Europe-wide approach is therefore essential. If too many projects are managed at national level only, their importance for Europe as a whole may be overlooked, and vital synergies missed [12] .
Bilateral cooperation projects between various countries, which are usually funded by their research and science ministries, facilitate direct contact and exchange of knowledge. Overall, European research in cultural heritage has been funded for the past 15 years through the Framework Programmes 1-5 (FP 1-5) within the scope and objectives of the ''Environment'' R&D Programme of the European Union (EU) [13] . Fig. 1 shows the total number of cultural heritage projects funded by the Environment R&D programme. Through the years, the focus has shifted from research on historic stone buildings and the damage by acid rain to a far broader range of threats, including deterioration of leather, paper, wood, paintings and metals. Many of these projects involve the use or the development and the validation of appropriate technologies and methods but are not specifically orientated towards promoting their use in the field (see Fig. 1 ). The results of these research projects are published in a series of reports ''Protection and Conservation of European Cultural Heritage'', which had matching, parallel conferences that began in 1989. These conferences gave the opportunities to present much of the output from EC-funded projects.
European Actions that specifically promote and coordinate the use of analytical techniques in the field are 
U N C O R R E C T E D P R O O F
160 found in other EU programmes and initiatives that 161
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COST allows the coordination of nationally funded 177 research at a pan-European level and its activities are 178 based on so-called Actions that are networks on specific 179 topics covering basic and pre-competitive research. To-180 day, COST has almost 200 Actions running, involving 181 34 Member Countries and participating institutions from 182 nine non-Member Countries.
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Action G1 ''Application of Ion Beam Analysis to Art or 184 Archaeological Objects'', launched in 1995, was the first 185 COST Action specifically devoted to cultural heritage 186 research. The Action ran for five years and involved the 187 participation of 12 Member Countries. Its focus was the 188 development of non-destructive analysis methods for the 189 study of art and archaeological objects using particle 190 irradiation. Six working groups were established, al-191 lowing close collaboration on specific topics that were 192 either material oriented (e.g., paint layers, silicate ma-193 terials, metals and organic materials), or involved the 194 study of radiation damage. Within G1, a total of 24 195 short-term scientific missions were performed between 196 the laboratories involved. Short-term scientific missions 197 provided researchers with opportunities to work for short 198 periods (up to one month) at an institution of another 199 Member Country with the main objective of obtaining 200 hands-on experience in a particular field or technique. 201 Two monographs [18, 19] and about 30 joint publica-202 tions were published as a result of this Action.
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The success of this Action was inspiring, and two new 204 Actions followed: COST Action G7 ''Artwork Conserva-205 tion by Laser''; and, COST Action G8 ''Non-destructive 206 Analysis and Testing of Museum Objects''.
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Action G7 (2000-2005) was set up to address chal-208 lenges in three main areas:
209
• laser systems for investigation and diagnosis; 210
• laser systems for real-time monitoring of environ-211 mental pollution; and, 212
• laser systems for cleaning applications.
Specific attention is being given to the prevention of deterioration in our cultural heritage (e.g., development of monitoring techniques for the quality of indoor and outdoor atmospheres in parallel with restoration and conservation work [20] ).
The main objective of Action G8 (2000-2005) is to increase the knowledge of museum objects through nondestructive analysis and testing, thereby trying to achieve better preservation and conservation methods for our cultural heritage [21] . Today, many questions within this field remain unanswered, not only because of the lack of exchange of knowledge and the difficulty in following up collaborative initiatives in this multidisciplinary community, but also because several investigative techniques or treatments still need to be introduced or established. For these reasons, Action G8 seeks to create a Europe-wide environment, in which people directly concerned with the maintenance of our cultural heritage and their colleagues in analytical science can exchange knowledge. In addition to annual workshops in collaboration with museum and conservation institutes [22] and short-term scientific missions between participating groups, separate working groups have been created to address research themes in the field of materials culture and conservation.
Future possibilities
For all research activities, it is important to emphasize that action is required by a multidisciplinary community. In the current economic climate, it is extremely difficult for museums to develop new analytical methods or techniques. Collaboration with experts in state-ofthe-art analytical instrumentation is therefore really essential and can tap in to sources of knowledge and sophistication of equipment, which would otherwise be impossible for the small conservation and science groups in museums to develop alone.
What are future possibilities of European Actions in the field? No doubt the list of research needed for the study and conservation is long and needs continued support from the EU. However, it is obvious that cultural heritage research is not a priority in FP6 [23] , and it now seems likely that the COST programme will remain the most successful in promoting European international collaboration. However, the multidisciplinary community should be aware that the FP7 is currently being constructed now, so it is essential to lobby now to ensure that cultural heritage is not again forgotten or ignored.
